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(57) ABSTRACT 

The lnkjet printer has a pressure chamber, a pleZoelectric 
actuator, and a controller. The pleZoelectrlc actuator has a 
piezoelectric ?lm, a ?rst electrode, a second electrode, and a 
third electrode. The ?rst electrode, positioned in the region 
facing the pressure chamber, and the third electrode, posi 
tioned adjacent to the ?rst electrode, are attached on one 
surface of the pieZoeiectric ?lm. The second electrode is 
attached on an opposite surface of the piezoelectric ?lm and 
overlaps the ?rst and third electrodes. To discharge ink, the 
controller applies an ink discharge signal between the ?rst 
and second electrodes comprising an advanced voltage 
change from a predetermined voltage to the loWer voltage and 
a subsequent voltage change from the loWer voltage to the 
predetermined voltage. The controller also applies a periph 
eral signal between the second and thIrd electrodes to prevent 
changes in characteristics of the pieZoelectrlc actuator that 
may affect ink discharge. 

12 Claims, 12 Drawing Sheets 
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INKJ ET PRINTER 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application claims priority to Japanese Patent Appli 
cation No. 2005-140843 ?led on May 13, 2005, the contents 
of Which are hereby incorporated by reference into the present 
application. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an inkj et printer. 
2. Description of the Related Art 
An Inkjet printer having a pressure chamber, a pieZoelec 

tric actuator and a controller is knoWn. The pres sure chamber 
communicates With the noZZle. 

The pressure chamber is ?lled With ink When the inkjet 
printer is used, and the pieZoelectric actuator can apply pres 
sure to the ink Within the pressure chamber. When the ink 
Within the pressure chamber is pushed by the pieZoelectric 
actuator, ink is discharged from the noZZle. In this Way, the 
indict printer Will print text and/or image on a printing 
medium. 
A conventional inkjet printer is disclosed in Japanese 

Patent Application Publication No. 2004-128492. 
The pieZoelectric actuator is arranged so as to form at least 

a portion of a Wall de?ning the pressure chamber. The pieZo 
electric actuator has a pieZoelectric ?lm. The pieZoelectric 
?lm extends along the portion of the Wall, and has electrodes 
attached on both surfaces of the piezoelectric ?lm. 
By applying voltage difference betWeen the electrodes, the 

pieZoelectric ?lm deforms due to the pieZoelectric effect. As 
a result, the pieZoelectric actuator deforms. Because the 
pieZoelectric actuator forms a portion of the Wall de?ning the 
pressure chamber, the volume of the pressure chamber 
changes due to the deformation of the pieZoelectric actuator. 
By deforming the pieZoelectric actuator so that the volume of 
the pressure chamber becomes smaller, pressure can be 
applied to the ink Within the pressure chamber. By applying 
pressure to the ink Within the pressure chamber, the ink Will 
be discharged from the noZZle that communicates With the 
pressure chamber. 

The so-called “?ll before ?re” method is oftenused in order 
to improve ink discharge e?iciency by the pieZoelectric 
actuator. In this method, the folloWing operations are per 
formed. According to “?ll before ?re” method, a predeter 
mined voltage is applied to the pieZoelectric ?lm of the pieZo 
electric actuator prior to ink discharge operation. Due to the 
predetermined voltage, the pieZoelectric ?lm (i.e., the pieZo 
electric actuator) is deformed so that the volume of the pres 
sure chamber becomes smaller. When the ink is to be dis 
charged, an ink discharge signal is applied to the piezoelectric 
?lm. The ink discharge signal is composed of a combination 
of an advanced voltage change and a subsequent voltage 
change. In the advanced voltage change, voltage applied to 
the pieZoelectric ?lm is changed from the predetermined 
voltage that has been applied to the pieZoelectric ?lm to the 
loWer voltage. Due to the advanced voltage change, deforma 
tion of the pieZoelectric actuator is loosened, and the volume 
of the pressure chamber is increased. At the timing When the 
volume of the pressure chamber is increased, a negative pres 
sure is generated Within the pressure chamber. The generated 
pressure decrease develops a pressure Wave Within the pres 
sure chamber. The developed pressure Wave Will propagate 
from the pressure chamber to the noZZle through an ink pas 
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2 
sage communicating the pressure chamber and the noZZle, 
and the pressure Wave is re?ected at the noZZle toWard the 
pressure chamber. The re?ected pressure Wave Will return to 
the pressure chamber. Due to reciprocation of the pressure 
Wave, the pressure Within the pressure chamber varies cycli 
cally betWeen a negative pressure and a positive pressure. 

According to “?ll before ?re” method, the subsequent volt 
age change is applied to the pieZoelectric ?lm (i.e., the pieZo 
electric actuator) While the pressure Wave continues. In the 
subsequent voltage change, voltage applied to the pieZoelec 
tric ?lm is changed from the loWer voltage that has been 
applied to the pieZoelectric ?lm to the predetermined voltage. 
Due to the subsequent voltage change, the pieZoelectric 
actuator is deformed again, and the volume of the pressure 
chamber is decreased. According to “?ll before ?re” method, 
the subsequent voltage change is applied When positive pres 
sure is developed Within the pressure chamber due to the 
pressure Wave generated by the advanced voltage change. In 
this method, the deformation of the pieZoelectric actuator to 
decrease the volume of the pressure chamber and to increase 
the pressure Within the pressure chamber occurs at timing 
When the pressure Within the pressure chamber is increased to 
the positive value due to the pres sure Wave. Therefore, a large 
positive pressure is developed Within the pres sure chamber by 
the subsequent voltage change, and ink is effectively dis 
charged from the noZZle. High discharge ef?ciency may be 
obtained by “?ll before ?re” method. The time period from 
the advanced voltage change to the subsequent voltage 
change is critical to obtain high ink discharge e?iciency. 

BRIEF SUMMARY OF THE INVENTION 

With the “?ll before ?re” method, during the period in 
Which ink is not discharged from the noZZle, the predeter 
mined voltage is continuously applied to the pieZoelectric 
?lm. As a result, during the period in Which ink is not dis 
charged from the noZZle, a region of the pieZoelectric actua 
tor, the region facing the pressure chamber, is kept in a ?xed 
deformed state. The period in Which ink is not discharged is 
referred to as a non-discharge period. 

With conventional technology, the ?xed deformed state of 
the pieZoelectric actuator is only loosened during the loWer 
voltage is applied by applied ink discharge signal. The length 
of the non-discharge period depends on the images to be 
printed. Thus, depending on the situation, the length of non 
discharge period may be prolonged. 
On the other hand, a period in Which the loWer voltage is 

applied to the pieZoelectric ?lm is shorter than the non-dis 
charge period. In other Words, the pieZoelectric actuator 
repeats longer ?xed deformed state and shorter loosened 
deformed state alternatively. 
A pair of electrodes attached respectively on each surface 

of the pieZoelectric ?lm. At least one electrode of the pair of 
electrodes is positioned so as to apply voltage to the pieZo 
electric ?lm in the region facing the corresponding pressure 
chamber. If a voltage is applied to the pair of electrodes, the 
region of the pieZoelectric ?lm sandWiched by the pair of the 
electrodes deforms, but a peripheral region of the above men 
tioned region is not deformed. The region of the pieZoelectric 
?lm that is sandWiched by the pair of electrodes and deformed 
When voltage is applied is referred to as an active portion. The 
peripheral region of the pieZoelectric ?lm that is not deformed 
even When voltage is applied to the electrodes is referred as a 
peripheral portion. 
A ?xed stress arises at the boundary of the active portion 

and peripheral portion When the active portion is in the ?xed 
deformed state. As described above, the active portion is 
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maintained in the ?xed deformed state over the non-discharge 
period. The stress at the boundary is also kept over the non 
discharge period. The ?xed stress is eased When the loWer 
voltage is applied to the active portion. As described above, 
the period applied the loWer voltage is shorter than the non 
discharge period. At the boundary, the active portion and the 
peripheral portion suffer the ?xed stress for longer period and 
eased stress for shorter period alternatively. 

According to researches performed by the inventors, it Was 
discovered that the ink discharge characteristics may change 
remarkably if the piezoelectric ?lm suffers ?xed stress for 
longer period and eased stress for shorter period cyclically at 
the boundary for a long period of time. 

The polarization structure of the piezoelectric material 
may change When the piezoelectric material suffers stress for 
a long time. A polarization structure Will be held as is once 
changed, and does not return to the original state. When the 
polarization structure changes and is held, a strain Will occur 
and be maintained. 

It Was discovered by the inventors, that a change in the 
polarization structure in the piezoelectric ?lm is remarkably 
developed close to the boundary of the active portion and 
peripheral portion of the piezoelectric ?lm if the piezoelectric 
?lm suffers the ?xed stress for longer period and the eased 
stress for shorter period cyclically at the boundary for a long 
period of time. 

The polarization structure of the peripheral portion at the 
boundary changes, the peripheral portion Will have a strain. 
Because of the strain at the peripheral portion, the character 
istic of the piezoelectric ?lm at the active portion Will change. 
The characteristic, as referred to herein, is the relationship 
betWeen the level of voltage applied to the piezoelectric ?lm 
(i.e., the piezoelectric actuator) and the deformation of the 
piezoelectric actuator induced thereby. 

Furthermore, the strain at the peripheral portion causes 
another ?xed stress to the active portion. The characteristic of 
the piezoelectric ?lm at the active portion also changes due to 
another ?xed stress. The characteristic of the piezoelectric 
?lm at the active portion remarkably changes due to both of 
another ?xed stress and the strain. Therefore, the ink dis 
charge characteristics Will change remarkably due to remark 
able change of the characteristic of the piezoelectric ?lm. 

The characteristic change of the piezoelectric actuator 
affects such that the piezoelectric actuator becomes dif?cult 
to deform. If the piezoelectric actuator becomes di?icult to 
deform, the quantity of discharged ink and/or the discharge 
rate, Will decrease. The ink discharge characteristics Will 
change so as to decrease the quantity of discharged ink and/or 
the discharge rate if the piezoelectric actuator repeats longer 
?xed deformed state and shorter loosened deformed state 
alternatively for a long period of time. 
An object of the present invention is to provide an inkjet 

printer in Which the ink discharge characteristics Will rarely 
change, even if the inkjet printer is used for a long period of 
time. 
An inkj et printer according to the present invention has a 

pressure chamber, a piezoelectric actuator, and a controller. 
The pressure chamber communicates With a nozzle. The pres 
sure chamber is capable of being ?lled With ink When the 
inkjet printer is used. The piezoelectric actuator has a piezo 
electric ?lm, a ?rst electrode, a second electrode, and a third 
electrode. The controller applies voltage betWeen the ?rst 
electrode and the second electrode and betWeen the third 
electrode and the second electrode independently. 

The piezoelectric actuator forms a portion of a Wall de?n 
ing the pressure chamber. The piezoelectric ?lm of the piezo 
electric actuator extends along the portion of the Wall. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
The ?rst electrode is attached on one surface of the piezo 

electric ?lm Within a region overlapping With the portion of 
the Wall. Herein, the ?rst electrode and the portion of the Wall 
overlap in a direction perpendicular to the plane of the portion 
of the Wall. The second electrode is attached on the other 
surface of the piezoelectric ?lm extending over a region over 
lapping With the ?rst electrode. The ?rst electrode and the 
second electrode overlap in the direction mentioned above. 
The third electrode is attached on the one surface of the 
piezoelectric ?lm, adjacent to the ?rst electrode Without con 
tacting the ?rst electrode, at a region overlapping With a 
portion of the second electrode. The second electrode and the 
third electrode overlap in the direction mentioned above. 
The piezoelectric actuator deforms so as to project toWard 

the pres sure chamber and to decrease a volume of the pres sure 
chamber While the controller applies voltage betWeen the ?rst 
electrode and the second electrode. 
The controller applies an ink discharge signal betWeen the 

?rst electrode and the second electrode, the ink discharge 
signal comprising an advanced voltage change from a prede 
termined voltage to a loWer voltage and a subsequent voltage 
change from the loWer voltage to the predetermined voltage 
Wherein the combination of the volume increase and the 
subsequent volume decrease of the pressure chamber due to 
the ink discharge signal causes ink to discharge from the 
nozzle. The controller also applies a peripheral signal 
betWeen the second electrode and the third electrode. 
The inkj et printer may have a plurality of pressure cham 

bers and nozzles. When an inkjet printer has a plurality of 
pressure chambers, the inkjet printer has the ?rst electrodes 
equal in number to the pressure chambers. 

In the above-described inkjet printer, the ?rst electrode is 
positioned on the piezoelectric ?lm Within a region overlap 
ping With the Wall de?ning the pressure chamber. The region 
of the piezoelectric ?lm sandWiched by the ?rst electrode and 
the second electrode is equivalent to the above-described 
active portion. 
The third electrode is attached on the piezoelectric ?lm 

adjacent to the ?rst electrode Without contacting the ?rst 
electrode. The region of the piezoelectric ?lm sandWiched by 
the second electrode and the third electrode is a part of the 
above-described peripheral portion. 
The controller can apply voltage to the peripheral portion 

by applying the peripheral signal betWeen the second elec 
trode and the third electrode. The conventional inkj et printer 
did not apply voltage to the peripheral portion of the piezo 
electric actuator. 

The controller can reduce the characteristic change of the 
piezoelectric actuator by applying the peripheral signal 
betWeen the second electrode and the third electrode. As a 
result, the inkj et printer in Which the ink discharge character 
istics Will rarely change, even if the inkj et printer is used for 
a long period of time. The reason of reducing the character 
istic change of the piezoelectric ?lm is explained beloW. 
When voltage is applied betWeen the ?rst electrode and the 

second electrode, the active portion of the piezoelectric ?lm 
extends in the thickness direction due to a piezoelectric effect. 
At the same time, the active portion shrinks in the planar 
direction. As a result, the peripheral portion adjacent to the 
active portion receives tensile stress in the planar direction. If 
such tensile stress is continuously suffered over a long period 
of time, the distribution state of the polarization direction of 
crystal grain units in the piezoelectric ?lm changes in the 
peripheral portion. The change of distribution state of polar 
ization directions causes micro-structural change in the 
peripheral portion. In this case, such micro-structural change 
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causes the peripheral portion to have a strain so as to extend 
the peripheral portion toWard the active portion. 

If the peripheral portion extends toWard the active portion, 
the peripheral portion provides compressive stress to the 
active portion adjacent thereto. As a result, the distribution 
state of the polariZation direction of crystal grain units in the 
active portion changes. Thus, the characteristic of the pieZo 
electric ?lm changes. The characteristic change of the pieZo 
electric ?lm means the characteristic change of the pieZoelec 
tric actuator. 

In accordance With the present invention, the controller 
applies voltage to the peripheral portion by applying periph 
eral signal betWeen the second electrode and the third elec 
trode. The voltage applied to the peripheral portion Work so as 
to return the distribution state of the polariZation direction 
from changed state to its original state. Therefore, extension 
of the peripheral portion caused by change of the distribution 
state. As a result, the characteristic change of the pieZoelectric 
?lm can be prevented. The ink discharge characteristic 
change can be prevented. An inkjet printer in Which the ink 
discharge characteristic does not change even in a long-term 
use can be realiZed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic draWing of an inkjet printer of an 
embodiment. 

FIG. 2 is a plan vieW ofa head main body shoWn in FIG. 1. 
FIG. 3 is an enlarged vieW of the region that is surrounded 

by the thick broken line in FIG. 2. 
FIG. 4 is a longitudinal sectional vieW corresponding to 

line IV-IV shoWn in FIG. 3. 
FIG. 5 is a partial enlarged plan vieW of the region sur 

rounded by the broken line L in an actuator unit shoWn in FIG. 
3. 

FIG. 6 is a partial enlarged plan vieW illustrating other type 
of the actuator shoWn in FIG. 5. 

FIG. 7 is a partial enlarged plan vieW illustrating yet other 
type of the actuator shoWn in FIG. 5. 

FIG. 8 is a block diagram of a controller of the inkjet 
printer. 

FIG. 9(a) is a schematic draWing of an ink discharge signal. 
FIG. 9(b) illustrates a change of electric potential of indi 

vidual electrodes When the ink discharge signal shoWn in FIG. 
9(a) is applied. 

FIGS. 10(a)-(c) are explanatory draWings illustrating an 
operation of the actuator unit When the ink discharge signal 
shoWn in FIG. 9(a) is applied. 

FIGS. 11(a), (b) are explanatory draWings illustrating a 
change in a characteristic occurring in the actuator unit shoWn 
in FIG. 4. 

FIGS. 12(a)-(c) are schematic draWings illustrating an 
example of peripheral signals. 

FIG. 13 is a schematic draWing illustrating another 
example of the peripheral signal. 

FIG. 14 is a partial cross-sectional vieW of the actuator unit 
having a con?guration different from that of the actuator unit 
shoWn in FIG. 4. 

DETAILED DESCRIPTION OF THE INVENTION 

Preferred technical features of the present invention are 
described beloW. 

The pieZoelectric actuator may have a diaphragm. The 
diaphragm may sandWich the second electrode With the 
pieZoelectric ?lm and the diaphragm may be positioned 
betWeen the pieZoelectric ?lm and the pressure chamber. 
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6 
According to the aforementioned technical feature, the 

diaphragm forms the portion of the Wall de?ning the pres sure 
chamber. It can prevent the second electrode to directly con 
tact With ink in the pressure chamber. 
The loWer voltage in the ink discharge signal applied by the 

controller may be substantially equal to Zero voltage. 
If the loWer voltage is set to Zero voltage, the active portion 

is temporarily released from deformation during the ink dis 
charge operation. The boundary of the active portion and 
peripheral portion is repeatedly released from stress Which is 
caused in the non-discharge period. If such a state is main 
tained Without applying the peripheral signal, the character 
istic change of the pieZoelectric ?lm (i.e., the pieZoelectric 
actuator) Would become even more signi?cant at the bound 
ary of the active portion and the peripheral portion. Even in 
this case, the controller can prevent the characteristic change 
of the pieZoelectric ?lm, as described above, by the applica 
tion of the peripheral signal betWeen the third electrode and 
the second electrode. 
The controller generates the predetermined voltage during 

applying the ink discharge signal betWeen the ?rst electrode 
and the second electrode. The controller may apply the pre 
determined voltage betWeen the second electrode and the 
third electrode as the peripheral signal. The controller may 
apply same voltage both of in the ink discharge signal and in 
the peripheral signal. The structure or the circuit of the con 
troller can be simpli?ed. 

The controller may apply the peripheral signal in an inter 
val of the tWo sequential ink discharge signals. 

According to the aforementioned technical feature, voltage 
is not applied to the peripheral portion during the ink dis 
charge operation. The voltage applied to the peripheral por 
tion can be prevented from affecting the ink discharge opera 
tion. 
The controller may apply the peripheral signal Within a 

period that the ink discharge signal is applied. In this case, the 
peripheral signal has a Waveform so as to enhance ef?ciency 
of the volume change of the pressure chamber caused by the 
ink discharge signal. 

Depending on the intensity and/ or applying timing of volt 
age in the peripheral signal, stresses that enhance the ink 
discharge operation may be applied to the active portion due 
to the applying peripheral signal. By forming a Waveform of 
the peripheral signal that produces such an effect, the ink 
discharge operation can be performed more effectively. 

Furthermore, because the peripheral signal is applied even 
in the ink discharge operation, the characteristic change of the 
pieZoelectric ?lm can be effectively prevented. 
One continuous pieZoelectric ?lm may extend over the 

pressure chamber. 
According to the aforementioned technical feature, the 

entire Wall at a side of the pressure chamber can be covered 
With the pieZoelectric ?lm. It can ef?ciently change the vol 
ume of the pressure chamber. 

The third electrode may have a hole, and the ?rst electrode 
may be positioned Within the hole. 

According to the aforementioned technical feature, a struc 
ture can be easily obtained in Which the peripheral portion 
around the ?rst electrode is surrounded by the third electrode. 
A voltage can be uniformly applied to the peripheral portion 
around the ?rst electrode. The characteristic change of the 
pieZoelectric ?lm around the active portion can be uniformly 
prevented. 

Furthermore, because a hole may be formed in the third 
electrode the process for manufacturing the inkj et printer can 
be facilitated. 
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Providing a plurality of holes in the third electrode makes 
it possible to surround the peripheral portion around a plural 
ity of ?rst electrodes With a single third electrode. 

The ?rst electrode and the third electrode may have sub 
stantially the same thickness. 

According to the aforementioned technical feature, 
because the ?rst electrode and the third electrode have the 
same thickness, the process for manufacturing the electrodes 
can be further simpli?ed. 

The controller may apply a constant voltage betWeen the 
second electrode and the third electrode as the peripheral 
signal. 

According to the aforementioned technical feature, the 
controller can be con?gured in a simple manner. 

The second electrode may be held at a constant electric 
potential. 

According to the aforementioned technical feature, the 
controller is not required to change the electric potential of the 
second electrode. Because the controller may apply the 
respective signals to the ?rst electrode and third electrode, the 
structure or the circuit of the controller can be simpli?ed. 
The peripheral signal may have a Waveform repeating the 

predetermined voltage and Zero voltage cyclically. 
According to the aforementioned technical feature, the 

predetermined voltage is applied to the peripheral portion 
cyclically. The characteristic change of the pieZoelectric ?lm 
can be effectively prevented by repeatedly applying the pre 
determined voltage to the peripheral portion. 

The inkjet printer may have a counter counting a count of 
matching a predetermined condition. In this case, the control 
ler may apply the peripheral signal When the count reaches a 
predetermined number. 

The predetermined condition is, for example, a condition 
of ink being discharged. The counter may be a device for 
measuring the time that elapsed since the printer Was ?rst 
used. In this case, the count means the time that elapsed since 
the printer Was ?rst used. 

According to the aforementioned technical feature, the 
characteristic change of the pieZoelectric ?lm can be effec 
tively prevented, Without applying unnecessary voltage 
betWeen the second electrode and the third electrode, by 
adjusting the timing at Which the count reaches the predeter 
mined count to the timing suitable for preventing the charac 
teristic change of the pieZoelectric ?lm. 

Preferred embodiments of the present invention Will be 
described With reference to the attached draWings. 

<Outline of the Inkjet Printer> 
FIG. 1 is a schematic vieW of a color inkjet printer accord 

ing to an embodiment of the present invention. This color 
inkj et printer 1 (hereinafter referred to as a printer 1) has four 
inkjet heads 2. These inkj et heads 2 are ?xed to the printer 1. 
These inkj et heads 2 are arranged along the direction in Which 
a printing sheet P is conveyed. Each inkjet head 2 has a long 
shape that extends from the front of FIG. 1 to the rear thereof. 
A paper supply unit 114, a paper receiving section 116, and 

a conveying unit 120 are provided in the printer 1. In addition, 
a controller 100 is provided in the printer 1 in order to control 
the operation of each portion of the printer 1, such as the inkj et 
heads 2 and the paper supply unit 114. 

The paper supply unit 114 has a paper storage case 115 that 
can store a plurality of printing sheets P, and a paper supply 
roller 145. The paper supply roller 145 can feed the upper 
most printing sheet P of the printing sheets that are stacked 
and stored in the paper storage case 115, one sheet at a time. 
A pair of feed rollers 118a and 118b, and a pair of feed 

rollers 119a and 119b, are arranged betWeen the paper supply 
unit 114 and the conveying unit 120, and along the convey 
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8 
ance path of the printing sheets P. The printing sheet P fed 
from the paper supply unit 114 is further fed toWard the 
conveying unit 120 by means of these feed rollers. 
The conveying unit 120 has an endless conveyor belt 111, 

and tWo belt rollers 106 and 107. The conveyor belt 111 is 
Wrapped around the belt rollers 106 and 107. The conveyor 
belt 111 is adjusted so that a predetermined tension is applied 
thereto When Wrapped around the tWo belt rollers. In this Way, 
the conveyor belt 111 is stretched betWeen the tWo belt rollers 
106 and 107 Without any slack. The surface of the conveyor 
belt 111 near the inkjet head 2 is a conveying surface 127 that 
conveys the printing paper P. 
As shoWn in FIG. 1, a conveying motor 174 is connected to 

the belt roller 106. The conveying motor 174 can rotate the 
belt roller 106 in the direction of the arroW A. In addition, the 
belt roller 107 can rotate in association With the conveyor belt 
11. Thus, by driving the conveying motor 174 in order to 
rotate the belt roller 106, the conveyor belt 111 Will rotate in 
the direction of the arroW A. 
A nip roller 138 and a nip receiving roller 139 are arranged 

near the belt roller 107 so as to sandWich the conveyor belt 
111. The nip roller 138 is urged doWnWard by a spring not 
shoWn in the draWings. The nip receiving roller 139 beloW the 
nip roller 138 stops the nip roller 138 that is urged doWnWard 
via the conveyor belt 111. The nip roller 138 and the nip 
receiving roller 139 are rotatably disposed, and rotate in asso 
ciation With the rotation of the conveyor belt 111. 

Printing paper P fed from the paper supply unit 111 toWard 
the conveying unit 120 is grasped betWeen the nip roller 138 
and the conveyor belt 111. In this Way, the printing paper P is 
pressed onto the conveying surface 127 of the conveyor belt 
111, and ?xed on the conveying surface 127. Then, the print 
ing paper P is conveyed in the direction in Which the inkjet 
heads 2 are disposed, in accordance With the rotation of the 
conveyor belt 111. Note that the outer peripheral surface 113 
of the conveyor belt 111 may be treated With an adhesive 
silicone rubber. In this Way, the printing paper P can be 
reliably ?xed to the conveying surface 127. 
The four inkjet heads 2 are arranged near each other along 

the direction in Which the printing paper P is conveyed by the 
conveyor belt 111. Each inkj et head 2 has a head main body 
13 on the loWer edge thereof. A large number of noZZles 8 (not 
shoWn in FIG. 1) that discharge ink are provided in the loWer 
surface of the head main body 13. The same color of ink Will 
be discharged from the noZZles 8 provided on one ink jet head 
2. The colors of the ink discharged from each inkjet head 2 
are, respectively, magenta (M), yelloW (Y), cyan (C), and 
black (K). Each inkjet head 2 is arranged so that there is a 
slight gap betWeen the loWer surface of the head main body 13 
and the conveying surface 127 of the conveyor belt 111. 
A printing sheet P ?xed to the conveying surface 127 of the 

conveyor belt 111 Will pass betWeen the inkjet head 2 and the 
conveyor belt 111. When this occurs, ink Will be discharged 
from the noZZles 8 of the head main body 13 toWard the upper 
surface of the printing sheet P. In this Way, a color image based 
on image data stored by the controller 100 (see FIG. 6) Will be 
printed on the upper surface of the printing sheet P. 
A peel plate 140 and tWo pairs of feed rollers 121a and 

121b, and 12211 and 122b, are arranged betWeen the convey 
ing unit 120 and the paper receiving section 116. The printing 
paper P on Which a color image has been printed is conveyed 
toWard the peel plate 140 by the conveyor belt 111. At this 
point, the printing paper P is peeled from the conveying 
surface 127 by the right side of the peel plate 140 in FIG. 1. 
Then, the printing paper P is fed to the paper receiving section 
116 by the feed rollers 121a-122b. Thus, printing papers P on 
Which images have been printed Will be sent to the paper 
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receiving section 116. These printing papers P Will be stacked 
onto the paper receiving section 116. 

Note that a paper sensor 133 is disposed betWeen the inkjet 
head 2 on the furthest up stream side in the direction in Which 
the printing papers P are conveyed, and the nip roller 138. The 
paper sensor 133 is constructed from a light emitting element 
and a light receiving element. The paper sensor 133 Will 
detect the leading edge of a printing sheet P in the conveying 
passage. The detection results are transmitted from the paper 
sensor 133 to the controller 100. The controller 100 Will 
control the inkjet head 2, the conveying motor 174, and the 
like so that the conveyance of the printing paper P and the 
printing of the images are synchronized, based upon the 
detection signal transmitted from the paper sensor 133. 
<Head Main Body> 
The head main body 13 Will be described. FIG. 2 is a plan 

vieW of the bead main body 13 shoWn in FIG. 1 When vieWed 
from the upper surface thereof. 

The head main body 13 has a passage unit 4, and actuator 
units 21 that are adhered to the passage unit 4. Each actuator 
unit 21 has a trapezoidal shape. The actuator units 21 are 
arranged on the upper surface of the passage unit 4 so that the 
pair of opposing parallel sides of each trapezoid is parallel 
With the lengthWise direction of the passage unit 4. In addi 
tion, four actuator units 21 are arranged on the upper surface 
of the passage unit 4 along the lengthWise direction of the 
passage unit. The adjacent actuator units 21 are arranged so 
that the trapezoids are arranged to face in opposite directions 
along the Width of the passage unit 4. In addition, the adjacent 
actuator units 21 are arranged to be relatively offset along the 
Width of the passage unit 4. A diagonal side of one trapezoid 
and adjacent diagonal side of the trapezoid adjacent to the one 
trapezoid partially overlap along the Width of the passage 
unit. 
A manifold passage 5 that is a portion of the ink passage is 

formed in the interior of the pas sage unit 4. Openings 5b of the 
manifold passage 5 are formed on the upper surface of the 
passage unit 4. Five openings 5b are arranged along one edge 
of the passage unit 4 in the lengthWise direction. Another ?ve 
openings 5b are arranged along another edge of the passage 
unit 4 in the lengthWise direction. In the plan vieW of FIG. 2, 
the openings 5b are formed in positions outside the regions in 
Which the four actuator units 21 are arranged. Ink is supplied 
from an ink tank not shoWn in the draWings, through the 
openings 5b, to the manifold passage 5. 

FIG. 3 is an enlarged plan vieW of the region surrounded by 
the thick broken line of FIG. 2. Note that illustration of the 
actuator units 21 is omitted in FIG. 3 in order to make FIG. 3 
easier to understand. In other Words, FIG. 3 is a plan vieW of 
the head main unit 13 in a state in Which the actuator units 21 
are not arranged on the upper surface of the passage unit 4. In 
addition, the components formed in the interior and loWer 
surface of the passage unit 4, such as apertures 12 and nozzles 
8, should be shoWn With broken lines in FIG. 3, but are shoWn 
With solid lines therein. 
A plurality of sub-manifold passages 5a branch from the 

manifold passage 5 formed inside the passage unit 4. These 
sub-manifold passages 5a extend inside the passage unit 4 so 
as to be mutually adjacent With the regions that are opposite 
each actuator unit 21. 

The passage unit 4 has pressure chamber groups 9 in Which 
the pressure chambers 10 are formed in a lattice pattern. The 
pressure chambers 10 are holloW regions having a ?at rhom 
boid shape in Which the comers are rounded. The pressure 
chambers 10 are formed so as to open on the upper surface of 
the passage unit 4. These pressure chambers 10 are arranged 
along substantially the entire surface of the region that faces 
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10 
the actuator units 21 on the upper surface of the passage unit 
4. In other Words, the plurality of pressure chambers 10 are 
covered by the actuator units 21 on the upper surface of the 
passage unit 4. Each pressure chamber group 9 that are 
formed by these pressure chambers 10 have substantially the 
same size and shape as an actuator unit 21 in the direction 
perpendicular to the top surface of the passage unit 4. 
A large number of nozzles 8 are formed on the loWer 

surface of the passage unit 4. These nozzles 8 are arranged in 
positions that avoid the sub-manifold passages 5a in the plan 
vieW of FIG. 3. In addition, these nozzles 8 are arranged in 
regions that face the actuator units 21 in the plan vieW of FIG. 
3. The nozzles 8 in each respective region are aligned in 
parallel lines in the lengthWise direction of the passage unit 4 
With equal intervals. 
The plurality of nozzles 8 are arranged as described beloW. 

Here, it Will be assumed that there is an imaginary straight line 
that is parallel With the lengthWise direction of the passage 
unit 4. Projection points that project from every nozzle 8 
along a direction perpendicular With the imaginary straight 
line toWard the imaginary straight line are aligned With uni 
form, uninterrupted intervals. The interval corresponds to the 
print resolution. By arranging the nozzles 8 in this manner, 
the inkj et head 2 can print in uninterrupted intervals corre 
sponding to the print resolution, along substantially the entire 
region in Which the nozzles 8 are formed on the passage unit 
4 in the lengthWise direction. 
A large number of apertures (choke) 12 are formed in the 

interior of the passage unit 4. The apertures 12 are disposed in 
a region that faces the pressure chamber groups 9 in the plan 
vieW of FIG. 3. In the present embodiment, the apertures 12 
extend along one direction that is parallel With the horizontal 
plane (the plane that is parallel With the plan vieW in FIG. 3). 

Communication holes are formed in the interior of the 
passage unit 4. The communication holes are formed in order 
to mutually communicate With pressure chamber 10, the aper 
tures 12 corresponding to the pressure chamber 10, and the 
nozzles 8 corresponding to the pressure chamber 10. These 
communication holes communicate With each other, and 
form the individual ink passages 32 (see FIG. 4). Each indi 
vidual ink passage 32 communicates With the sub-manifold 
passages 511 at one end thereof. Ink supplied to the manifold 
passage 5 passes through the sub-manifold passages 5a, is 
branched to each individual ink passage 32, and is discharged 
from the nozzles 8. 

<Individual Ink Passages> 
The individual ink passages 32 Will be described With 

regard to the cross-sectional structure of the head main unit 
13. FIG. 4 is a vertical cross-sectional vieW corresponding to 
line IV-IV shoWn in FIG. 3. 

The passage unit 4 that is included in the head main unit 13 
has a laminated structure in Which a plurality of plates are 
laminated. These plates are, from the upper surface of the 
passage unit 4, a cavity plate 22, a base plate 23, an aperture 
plate 24, a supply plate 25, manifold plates 26, 27, 28, a cover 
plate 29, and a nozzle plate 30. A large number of communi 
cation holes are formed in these plates. When each plate is 
laminated, the communication holes formed in each plate 
communicate With each other so as to form the individual ink 
passages 32 and the sub-manifold passages 5a. In other 
Words, each plate is positioned and laminated so that the 
individual ink passages 32 and the sub-manifold passages 5a 
are formed by means of the communication holes. 

The communication holes formed in each plate Will be 
described. The folloWing elements are in these communica 
tion holes. 
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First, the pressure chambers 10 formed in the cavity plate 
22. 

Second, a communication hole group A that forms a pas 
sage that communicates from one end of the pressure cham 
ber 10 to the sub-manifold passage 5a. The communication 
hole group A is formed in each plate from the base plate 23 to 
the supply plate 25. Note that the aperture 12 formed in the 
aperture plate 24 is included in the communication hole group 
A. 

Third, a communication hole group B that forms a passage 
that communicates from the other end of the pressure cham 
ber 10 to the noZZle 8. The communication hole group B is 
formed in each plate from the base plate 23 to the cover plate 
29. 

Fourth, the noZZle 8 formed in the noZZle plate 30. 
Fifth, a communication hole group C that forms the sub 

manifold passage 5a. The communication hole group C is 
formed in the manifold plates 26-28. 

The individual ink passages 32 are formed due to the 
mutual communication of the communication holes. Ink sup 
plied to the sub-manifold passage 511 Will How to the noZZle 8 
through the individual ink passage 32 by folloWing Way. The 
ink Will ?oW upWard from the sub-manifoldpassage 5a to one 
end of the aperture 12. Next, the ink Will ?oW horizontally 
along the lengthWise direction of the aperture 12 to the other 
end of the aperture 12. The ink Will ?oW upWard from the 
other end of the aperture 12 to one end of the pressure cham 
ber 10. Furthermore, the ink Will ?oW horiZontally along the 
lengthWise direction of the pressure chamber 10 to the other 
end of the pressure chamber 10. The ink Will ?oW from the 
other end of the pressure chamber 10 diagonally doWnWard 
through the ink passage 32 that passes through three plates 
(the base plate 23, the aperture plate 24, and the supply plate 
25). The ink Will then How to the noZZle 8 formed in the noZZle 
plate 30, via the ink passage 32 that passes through four plates 
(the manifold plates 26-28, and the cover plate 29). 

<Actuator Units> 

The actuator unit 21, as shoWn in FIG. 4, has a laminated 
structure in Which one pieZoelectric ?lm 41 and three dia 
phragms 42, 43, 44 are laminated together. The pieZoelectric 
?lm 41 and diaphragms 42-44 each have a thickness of about 
15 pm. The overall thickness of the actuator unit 21 is about 
60 um. Each of the pieZoelectric ?lm 41 and diaphragms 
42-44 extends so as to cover a plurality of pressure chambers 

10 (see FIG. 3). Thus, as shoWn in FIG. 4, the actuator unit 21 
forms a portion of the Wall de?ning the pressure chamber. 
As shoWn in FIG. 4, the pieZoelectric ?lm 41 extends along 

the upper surface of the passage unit 4. In other Words, the 
pieZoelectric ?lm 41 extends along the portion of the Wall. By 
this con?guration, When the actuator unit 21 bends by the 
pieZoelectric effect, the region of the actuator unit 21 facing 
the pressure chamber 10 deforms so as to project toWard the 
pressure chamber 10. 

The pieZoelectric ?lm 41 is produced from a lead titanate 
Zirconate (PST) type of ceramic material Which has ferroelec 
tric properties. Other ceramic materials or metal materials 
may be used for the material of the diaphragms 42-44, or PZT 
identical to that of the pieZoelectric ?lm 41 may be used. 
Alternatively, a pieZoelectric material other than PZT may be 
used. For example, lead magnesium niobate, lead nickel nio 
bate, lead Zinc niobate, lead manganese niobate, lead anti 
mony stannate, and lead titanate can be used as the materials 
analogous to PZT. Those materials have high mutual a?inity, 
and When those materials are used, endurance of the actuator 
unit 21 can be increased. 
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<Electrodes> 
The actuator unit 21 has electrodes of three types compris 

ing a metal material such as an AgiPd system. Those elec 
trodes are an individual electrode 35 (?rst electrode), a com 
mon electrode 34 (second electrode) and a peripheral 
electrode 37 (third electrode). 
The individual electrode 35 is arranged in a position oppo 

site the pressure chamber 10 on the upper surface of the 
pieZoelectric ?lm 41. In other Words, the individual electrode 
35 is positioned Within a region overlapping the Wall de?ning 
the pressure chamber 10 in a direction perpendicular to the 
Wall of the pressure chamber 10. The Wall is formed by the 
actuator unit 21. 
A land 36 is formed on one end of the individual electrode 

35. The land 36 comprises, for example, gold containing a 
glass frit. The land 36 is formed to have a convex shape With 
a thickness of about 15 pm on the upper surface of the indi 
vidual electrode 35. Furthermore, the land 36 is electrically 
joined to a contact (not shoWn in the draWings) provided on a 
FPC (Flexible Printed Circuit) not shoWn in FIG. 4. As 
described hereinbeloW, the controller 100 can transmit vari 
ous electrical signals (voltage pulse signals) via the FPC to 
the individual electrode 35. 

The common electrode 34 is placed betWeen the pieZoelec 
tric ?lm 41 and the diaphragm 42 over almost the entire 
contact surface. Thus, the common electrode 34 extends so as 
to cover the entire pressure chamber 10 facing the actuator 
unit 21. The thickness of the common electrode 34 is about 2 
pm. The common electrode 34 is grounded in a region that is 
not shoWn in the ?gure, and is kept at ground potential. 
As shoWn in FIG. 4, the individual electrode 35 and com 

mon electrode 34 are positioned to sandwich only the upper 
most pieZoelectric ?lm 41. The region in the pieZoelectric 
?lm 41 that are sandWiched betWeen the individual electrode 
35 and the common electrode 34 Will be referred to as an 

active portion. In the present embodiment, the active portion 
is the region of the pieZoelectric ?lm 41 to Which a voltage is 
applied by the individual electrode 35 and the common elec 
trode 34. If voltage is applied, the active portion is deformed 
due to a pieZoelectric effect. In the actuator unit 21 of the 
present embodiment, only the uppermost pieZoelectric ?lm 
41 comprises the active portion, and the diaphragms 42-44 do 
not have the active portion. Thus, this actuator unit 21 has the 
so-called unimorph-type structure. 
The peripheral electrode 37 is arranged on the upper sur 

face of the pieZoelectric ?lm 41. The peripheral electrode 37 
has a thickness equal to the thickness of the individual elec 
trode 35. 
The peripheral electrode 37 is positioned Without electric 

contact With the individual electrode 35 on the upper surface 
of the pieZoelectric ?lm 41 in the region (the region that does 
not face the pressure chamber 10) Where the individual elec 
trode 35 is not positioned. The peripheral electrode 37 has a 
contour surrounding the outer periphery of the individual 
electrode 35 on the upper surface of the pieZoelectric ?lm 41. 
Therefore, the peripheral electrode 37 together With the com 
mon electrode 34 sandWich the region outside the active 
portion of the pieZoelectric ?lm 41. The region sandWiched 
by the common electrode 34 and the peripheral electrodes 37 
in the pieZoelectric ?lm 41 Will be referred to as a peripheral 
portion. 

FIG. 5 is an enlarged plan vieW of the region surrounded by 
a broken line L in FIG. 3 in Which the actuator unit 21 is 
vieWed from the upper surface. The individual electrode 35 
has an almost rhomboidal shape similar to that of the pressure 
chamber 10. The planar siZe of the individual electrode 35 is 
smaller than the planar siZe of the pressure chamber 10. One 


















